Cytomegalovirus (CMV) is an important pathogen in immunocompromised individuals. Coupled with Human Immunodeficiency Virus (HIV), it causes end organ diseases leading to increased morbidity and mortality in the population. The prevalence of Cytomegalovirus infection is above 93% in HIV infected children in Kenya. Despite, a high Cytomegalovirus seroprevalence found in children, few studies have documented CMV in adults. This study was done to determine the seroprevalence of CMV infection and its associated risk factors among HIV patients attending Thika level 5 Hospital in Kiambu County, Kenya. The study also evaluated the effect CMV infection on the immunity of HIV infected patients. A cross-sectional study involving 163 HIV positive participants from different age groups was carried out. A questionnaire was used to assess the socio-demographic and specific risk factors associated with cytomegalovirus. Blood was collected and analyzed for CD4 counts, CMV IgG and IgM. The seroprevalence of CMV was found to be 89% (CMV IgG) while the incidence was 10.4% (CMV IgM). The study found that CMV infection leads to more suppression of the immunity among the HIV infected patients. In addition, education, economic status, having other sexual transmitted infections, sharing drinks, immune status and blood transfusion were associated with CMV infection (p < 0.05). The study recommends adoption of CMV screening services and education on CMV risk factors as CMV infection preventive strategies.
Introduction
Cytomegalovirus (CMV) is a ubiquitous virus commonly infecting people of all age groups, gender and race. Worldwide, CMV burden is high with exposure rates between 40% -100 % [1] . In immunocompetent individuals, CMV exists in a symbiotic equilibrium and thus disease manifestations are rarely encountered [2] . However, in immunocompromised persons such as patients with Human Immunodeficiency Virus (HIV), neonates or through iatrogenic means following organ transplantation, CMV exerts its full pathogenic potential [3] . Human Immunodeficiency Virus infects CD4 T-Helper cells that regulate humoral and cellular immunity resulting to a weakened immune system [4] . After primary infection, CMV disperses and becomes latent in multiple organs and due to immunosuppression for example in HIV patients, CMV reactivation occurs [5] . Human cytomegalovirus has become a major public health problem throughout the world since its discovery.
Kenya has the fourth largest HIV epidemic in the world. By 2015, an estimate of 1.8 million Kenyans was living with HIV [6] . In 2003, only 6000 people living with HIV were accessing antiretroviral (ARV) therapy but by 2015 the number increased to 900,000. In the absence of highly active antiretroviral therapy (HAART), patients with CD4
+ cell counts below 100 cells/μl are at a high risk of CMV associated retinitis, gastrointestinal and neurologic disease [7] . In the pre-HAART era, CMV end organ diseases among patients with advanced HIV infection were above 40%. With the advent of HAART, the incidence of CMV end organ diseases (EODs) has reduced by 5% to 10% [8] . Currently, information on the prevalence of CMV and associated risk factors are scanty. There are two published studies on CMV infection among HIV patients in Kenya. In a study conducted at Nyumbani Children's Home, Nairobi, viral co-infections among children infected with HIV-1 were evaluated. There was 100% CMV seroprevalence found in the 71 children of median age 2.2 years [9] . Another study conducted at Kenyatta National Hospital aimed at studying the kinetics of CMV replication in HIV infants [10] . At the third month of life CMV DNA was detected in 93% of infants who were HIV infected at birth and 90% in HIV exposed infants (born by HIV infected mother) who were uninfected. These two studies did not evaluate the risk factors associated with CMV acquisition among HIV patients. They also did not factor in the reactivation of CMV among HIV patients and also failed to consider the exposure rates in different age groups. Recently a high seroprevalence of CMV among pregnant women attending Thika level 5 Hospital was reported [11] . This study sought to determine the prevalence of CMV infection among HIV infected patients across different age groups. The study also evaluated the exposure rates; past, present and reactivation and the effect of CMV infection on the immunity of HIV infected patients.
Methods
A cross-sectional study involving one hundred and sixty three (163) HIV posi- 
Results

Study Participants
Among 163 participants enrolled in this study 76 (46.6%) were males and 87 (53.4) were females (male to female ratio = 1:1.14). The mean age of participants was 35.47. Majority of participants were above the age of 25 years ( Figure 1 ).
Married participants constituted the largest group among the participants (54.6%). Majority of the participants had attained primary education (62.3%) and were low income earners (65.4%). The participants who had formal employment were the least (20%) ( Table 1 ). 
CMV Seroprevalence and Risk Factors
Out of the total of 163 HIV seropositive subject under the study, 117 ( IgG prevalence was found to be 89% while anti-CMV IgG was found to be 10.4%.
Distribution of CMV antibodies across different socio-demographic groups
among HIV infected participants are as illustrated in Table 3 . Socio-demographic factors like education and economic status were significant risk factors among the participants. 
Discussion
The seroprevalence of CMV infection among participants attending Thika level 5 Hospital was determined through detection of IgG and IgM antibodies. A high seroprevalence of anti-CMV IgG was found to be 89% among the participants. This is consistent with other investigations that have been previously reported;
in Nigeria 100% among HIV patients [12] , in Kenya 100% among HIV-1 infected children at Nyumbani Children Home [9] , 97% among healthy blood donors at the National blood transfusion centre, Kenya [13] , 87.9% among volunteer blood donors in India [14] and 85% among pregnant women at Thika level 5 hospital, Kenya [11] .
Other countries like India, Sudan and Mali reported seroprevalences ranging from 89% -97.5% [15] [16] [17] . Nevertheless the seroprevalence results from this study were higher than the 46.8% obtained in France in pregnant women [17] . This may be ascribed to high hygiene standards observed [18] . Israel and eight European countries (France, Belgium, Spain, Italy, Germany, Austria, Portugal, and the Netherlands) do routine CMV serological screening of pregnant women [19] . Low CMV prevalence has been reported in these countries.
This study reported that 10.4% of the HIV seropositive patients were anti-CMV IgM seropositive indicating current infection or reinfection/reactivation to cytomegalovirus. This is consistent with a previous study among HIV patients in Nigeria that found an 11.1% anti-CMV IgM seroprevalence [20] . In another study in Brazil, anti-CMV IgM seroprevalence of 11.36% among HIV infected prison inmates was reported [21] .
HIV immune suppressed patients have shown positive increase in CD4 + count when initiated on HAART for longer duration [22] . The high mean CD4 + count recorded in this study among the HIV infected patients could be as attributed to HAART since all the study participants were on HAART. Other studies has also showed that HAART has led to a recovery of patients immunity indicated by a rise in CD4 + T-lymphocytes count which leads to a reduction in AIDS related deaths [23] . This therefore has reduced the risk of end organ diseases.
A majority of the participants who were CMV positive had either moderate or severe immune suppression as compared to 36.2% who had no immune suppression. This shows that CMV and HIV synergy to down regulate the immune system among the co infected participants. A similar observation was made in Nigeria [20] . All the patients who had no formal education had a 100% exposure to CMV indicating lack of awareness on basic risk factors and prevention mechanism due to lack of exposure to any form of education. Studies have shown that ignorance or lack of education is a factor that may lead to CMV acquisition [18] .
Low economic status was strongly linked to CMV serostatus with majority of low income earners having acquired the virus. Low income earners more often practice unhealthy behaviors such as poor diet due to financial constrains that may lead to malnutrition thus low immune system. This can often lead to reac- History of blood transfusion, history of sexual transmitted infections and sharing drinks were found to have a significant role in acquisition of CMV infection. Studies have previously shown that sexual transmitted infections are associated with CMV and HIV infection [24] . The findings on sharing drinks was however inconsistent to findings from a previous study that found that there was no differences in serostatus based on sharing of drinks [25] . While kissing and sharing drinks would mean sharing of saliva, sharing drinks was strongly linked to CMV infection unlike kissing. This finding is unclear though this could have been due to a relatively small sample size in the current study. Perhaps a further study with a larger sample size on this variable would be useful in clarifying this inconsistence.
Some of the limitations from this study were; limited sample size that might not have captured small differences among the groups and to evaluate differences in frequency of specific behaviors and some variables were constant among participants hence unable to assess their significance.
Conclusion/Recommendation
The seroprevalence and incidence of CMV were found to be 89% (CMV IgG) 
